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OF SEVERALDEITAWING- AUERONCONI?IGURATIONS

AT TRANSONICANDSDFERSONIC

By CarlA. Sandahl

SPEEDS

Aspartof a generalexperimentalinvestigationofwing-aileron
rolling-effectivenesscharacteristicsat transonicandsupersonicspeeds
utilizingrocket-propelledtestvehicles,severaldeltawing- aileron
configurationsweretested.Theconfigurationstestedincludeddelta
wingshaving45°and.60°sweepbackof theleadlngedgewithconstant-
chordplainaileronsanda deltawhg having45°swee~backof the
leadhgedgewithdeltawing-tiyailerons.Theresultsshowthat,below
a MachnruiberofO.gO,therollingeffectivenessof alltheconfigu-
rationstestedwasof thesamemagnitude.k theMachnmber rangefrom
about0.91to justbelow1.0allconfigurationstestedexhibiteda
reductionin effectiveness,as comparedwiththatat a Machnumber
of0.$X3,varytigfrom17percentforthedeltawing-tipaileronsto
50 percentfortheconstant-chordailerons.Withincreasingsupersonic
Machnumbers,therollingeffectivenessofthedeltawing-tipailerons,
whichwasabouttwicethatof comparableconstant-chordplainailerons,
tendstowarda valuewhichisaboutone-halfofthesubsoniceffective-
ness. A comparisonbetweenthemeasuredvaluesofrollingeffectiveness
andcalculatedvaluesbasedon linearizedsupersonic-flowequationsshowed
verygoodagreementfor thedeltawing-tipailerons.Fortheconstant-
chordailerms,themeasuredvalueswereconsiderablyspal.lerthanthe
theoreticalvalues.I?ortheconstant-chord-aileronconfigurations,the
theoryfairlyaccuratelypredictedthevariationofeffectivenesswith
Machnumber.

INTRODUCTION

Of theseveralwing@an formswhichhavebeenproposedfor
flightat transonicmd supersonicspeeds,thedeltaplanformaffords
certainaerodynamicandstructuraladvantages.Consequently,aspart
ofa generalinvestigationoftherolling-effectivenesscharacteristics
ofwing-aileron
beingconducted

configurationsat traneonicandsupersonicspeeds
by thePilotlessAircraftResearchDivisionof the

= -



2

.
-,

NACARMNo● L8DL6
●

LangleyLaboratoryutilizingrocket-propelled.testvehiclesinfree
flight,severalwingsof deltaplanfom havi@gplainconstant-chord
aileronsanddeltawing-tipaileronsweretested.

●-
Thesetests,which

arereportedherein,weremadeby mesnsoftheRM-’jtechnique
(references1,2, and3)withwhichtheroll&gcapabi~tiesofwing-
ailermconfigurationscanbe evaluatedover& lmge Machnmiber
rmge (approximately0.7to1.9)atrelativelylargescale.Thepresent

.

resultspermita comparisonoftherollingef$?ectivenessofplain
—

constant-chordallermsanddeltawing-tipaileronson_adeltawingand
—

alsoshowtheeffectivenessofplainconstant-chordaileronson delta
wingshaving45°ad 60°leading-edgesweep.
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SYMBOLS “.

wing-tiphelixangle,radians

—

-,.

rollingvelocity,radianspersecond
.

diameterof circlesweptbywingtips

flight-pathvelocity

dmg coefficientbasedontotalexpo~edwingareaof
1.563squarefeet

exposedaspectratio
(b?lsl) ‘“”” .

b minusfuselagedismeter

eqosedareaof twowingpanels

.-

sweepbackofwingleadingedge

ailerondeflectionmeasuredinplanenomal towing-chordplane
andparalleltomodelcenterline

semivertexangleofwing

(

Machangle tan-l~

r)~2-1
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.
DESCRIPTIONOFlIEIXNIQUE

.

Inasmuchas
h references1,
be giveninthis

a completediscussionof thetesttechniqueisgiven
2, and3,onlya briefdescriptionof themethodwKU
~aper.

TestVehicles

Thegeomtric chancteristicsof themodelsof thep?esenttests
aregiveninfigure1 andtableI. Photographsof themodelsareshown
infigure2. Thenmdelsareconstructedmaid-yofwoodforeaseof
constructionandlightness.The%odyisof balsaexceptat thewing
attachmentwherespruceisused. Thewingsareconstructedof laminated
sprucewithsteelplatesCycleweldedintotheuppersmdlowersurfaces
toprovideadequatetorsionalrigidity.(Seefig.1.) Theaileronsare
fonmedly deflectingthebasic-chordpke alongthehingelinesshown
in figure1. Thisconstruction
actualaircraftconstruction.

simulatesa faired,sealedaileronin

Tests

Thelaunchingof thetestvehiclesisaccomplishedat theWallops
Islandtestfacilityof thePilotlessAircraftResearchDivisim. The
testvehiclessrepropelledby a two-stagerocketsystemto a Mach
nmiberofalout1.9. Duringa 12-secondperiodof flightfollowing
rocket-engineburnout,in-whichtimethetestvehiclescoastto a Mch
numberofabout0.7,measurementsof therollimgvelocityproduced
by ailerons(obtainedwithspecialradioequipment)amdtheflight-path
velocity(obtainedwithDopplerradar)aremade. Thesedata,in
conjunctionwithatmosphericdataobtainedwithradiosondes,permitthe
evaltitionof therollingeffectivenessoftheparticularwing-aileron

pl@vconfigurationunderinvestigationtitermsof theparameter—
6a =

a functionofMachnuniber.b addition,thevariationof dragcoefficient
withMachnumberisobtainedhy a processtivolvhgthegraphical
differentiationofthecurveof flight-pathvelocityagainsttimefor
power-offflight.Therelativelylargescaleofthe testsis indicated
by thecurvesofReynoldsnumberagainstMachmmibershowninTigure.3.

.
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Accuracy

Theaccuracyisestimatedtobe withinthefollowhglimits:

‘b’w(dueto
~

‘~ (dueto
a

%)””””””
M. . . . . .

It should

therelatively

.

.

lhitationsonmodelconstructionalaccuracy). . ti.001

limitationson instrumentation) . . . . . . . . . +0.0005

.
. . . . . . . . . . . . . . . . . . . . . . . . . to*oo3

. . . . . . . . . . . . . . . . . . . . . . . . . +0.01

.

be noted,aspointedoutinreference1,thatowingto
pb/ZVsmallrollingmomentof inertiathevaluesof _

obtainedduringthelargerpartof theflight‘aresutmtantially%eady-
statevalueseventhoughthetestvehiclesareexperiencingen almost
continuousrollingaccelerationor deceleration.Exce@ fortheMach
numberrangefromabout0.9to1.1,whereabruptchangesinrolling.
velocityusuallyoccur,thecorrectionto steady-stateconditionsis
esthmtedtobe within3 percent.Inasmuchad it isnotnowpossibleto
estimatethedampinginrollwithaccuracyinthelkzhimmberrange
fromabout0.9to 1.1,an accuratecorrqctlon.tosteady-statecondition
cannotbe made. However,foran extremecase.havinga rollingacceler-
ationof 100radianspersecondsquaredanda.damping-mmentcoefficient
of0.1,thecorrectionwouldbe about20~ercent.No correctionfor
inertiaeffectshasbeenapplied

RESULTS

to thedata-presentedherein.

ANDDISCUSSION

Theresultsof thepresentinvestigationareshowninfigure4 as

curvesof thewing-aileronrolling-effectivenessparamter pb/~
Ba

anddragcoefficientCD aa a functionofMachnumber.In applyingthe
presentresultswhichwereobtainedwiththree-wingconfigurationsto
configurationshavingotherthanthreewings,considerationhasbeen
madeofunpublishedtestresultsobtainedwithtwoRM-5configurations
havinguntaperedwingsof aspectratio3.0and0° and45°sweepback
whichweretestedinthree-wingandfour-wingarrangements.Therolling-
effectivenessresultsforthesethree-wingandfour-wingarrangements-
agreedwellwithintheexperimentalaccuracy,indicati~thattheinter-
ferenceeffectsinregardtorolling-effectivenesscharacteristicsare
probablynegligibleforthethree-wingconfi~ationsofthepresent
teds.

—
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Wing-AileronRollingEffectiveness

Experimentalresults.- As showninfigure4,belowMachnumberO.~
theroldlngeffectivenessofalltheconfigurationstestedwasof the
samemagnitude.In theMachnumberrangefromabout0.91to just
below1.0allconfigurationstestedexhibiteda reductionineffective-
nessvaryingfrom17percentforthedeltawing-tipaileronsto 50per-
centfortheconstant-chordaileronson thedeltawingswith45°leading-
edgesweep.Of theconfigurationstested,thedeltawing-tiy-aileron
configuration(model84a)hadthehighesteffectivenessandthesmallest
veriationofeffectivenessovertheentireMachnumberrange.Forthis
configuration,theeffectivenessat themaximumlkchnumberattained
(M=l.88)wasaboutone-halfof thesubsoniceffectiveness.The
rollingeffectivenessof thecomparableconstant-chordplain-aileron
configurations(models97ead 97f)wasaboutone-halfof thatforthe
deltawing-tip-aileronconfi~tion at supersonicspeeds.

An indicationof theeffectof leading-edge mieepof thedelta
wingsontherollingeffectivenessof theconstant-chordaileronsis
shownby ccmqaringtheresultsforwingshaving450end~“ leading-edge
sweepback,nmdelswe, g7f,98a,and980,res~ectively.At thelower
supersonicspeeds,increasingtheleading-edgesweepfrom45°to 60°
increasedtherollingeffectiveness.WithincreasingMachnumbertothe
maximumattained,bothconfl~tions approachedtheseineconstantvalue
of pb/2V .

~“

Co?lrparisenwiththeory.-In fi~e 5,theexperimentalvaluesof
rollingeffectivenessobtatiedfortheconfigurationstestedare
comparedwithvalues calculatedbymethodsbasedon thelinearizedflow
equations.Thetheoreticalcharacteristicsofthedeltawing- delta
aileronconfiguration(model84a)wereobtainedfromreference4 for
thecaseof theMachlinesbehindtheleadingedge(Machnumbersgreater
then1.4).For thecaseof theMachlinesaheadoftheleadingedge
(Machntiersfroml to 1.4)thecharacteristicswereobtainedfrom
unpublishedtheoryby ti.HerbertS. RibneroftheLangleyLaboratory.
A similartheoryisavailableinpublishedforminreference5. The
theoreticalcharacteristicsoftheconstant-chordaileronson delta
wings(models~ and98)wereobtainedfromreference6 forthecasesof
Machlinesaheadof endbehindtheleadingedge. In thetheoretical
calculationsthedsmpinginrollwasobtainedfromreference7 forall
caset3.Thetheoreticalcalculations,whichinallcasesappliedto
isolatedwingsonly,werebased.ona wingplauformas definedin
figure6.

As showninfigure5(a),goodagreementexistsbetweenthetheory
andexperimentforthedeltawing- deltaaileronconfiguration.It
willbe notedthattheexperimentalvaluesarelar~erthemthe
theoretical~aluesj thisisattributedto thefactthat,forthe
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measuredvalues,thepartof thewingpanelscontainedwithinthe
fuselageas showninfigure6 cannotcontrilnzteto thedqing. Conse-
quently,inaamuchas.therollingmomentdue to t+e wing-ti~aileronis
relativelyunaffectedby thepresenceofthefuselage,themeasured

pb/ZVvaluesof ~ willbe largerthanthevaluescalculatedfor a wing

.

.

planformas”~howninfigure6.
-.

Fortheconstant-chordaileronstheexperimentalvaluesof rolling
effectivenessareconsiderablylowerthanthe@lculatedvalues
(fig.5(b))*Thelackofagreementisattribut+partlytothewing
andthefuselageloundarylayerbothofwhich~ve a largeradverse
effecton therollingmomentdueto ailerondeflectionthanonthe
dampinginroll. Alsocontributingtothelack-ofagreemenhbetweemthe
theoryad thee~erimentisthefactthatthepsrtofth~wingp=els
containedwithinthefuselagecannotcontributeto eithertheaileron
rollingmomentor tothedampinginroll. Here;again,theaileron
rollingmomentisnmreadverselyaffectedthanthedampinginroll.
Finally,put of thelackofagreementc~ be attribu’’-)d~othetheory
whichignorestheeffectof finitewingthicbeqs.Roughcalculations
basedontheresultsofreference8 indicatethqtthetheoretical-
effectivenessvaluesshowninfigure5(b)shouldbe reducedby about
15percenttoaccountforthefinitetrailing-edgeangle.In consider-
ationoftheaforementionedeffects,thelackofagreementbetweentheory
andexperimentaypearstole reasonable.It sh@Ld benotedthat,as
predictedby theory,themeasuredrollingeffectivenessforboth
constant-chord-aileronconfigurationsapproachesthesameconstantvalue
estheMachnumberisincreasedtothatvaluewhichcausestheMach
linestocoincidewiththeleadingedgesofthe,wings.

Becauseabsoluteagreementbetweenthepresenttheoryandexperiment
couldnotbe obtained,aneffortwasmadetoestallishwhether

p_b/~withWchthemeasuredvariationof
~a

theory.At thesuggestionof theauthor
theconstant-chordaileronswereplotted
thistypeofplotisused,theagreement
thatthepresenttheory,whileincapable
wing-aileronrollingeffectiveness,is
ofeffectivenesswithMachnuuiber.

Drag

of
as
is
of

—

.—
*

.
.-._ ._

.

,

.

.

numberwastkt predictedby .- .,. - _-

reference4, theresultsfor
show ir”figure7. When
fa~rlggoodandindicates
predictingabsolutelythe

usefulinshowingthevariation
.

.-

Thevariationof dregcoefficientwithWch numberforthemodels ●

testedisshowninfigure4. Regardlessof the-aileronconfiguration,
increasingthewingleading-edgesvee~from45°.to60°resultsIna
markeddecreaseintotaldragcoefficientover-theentire–”supersonic — .“
speedrangeinvestigated.By assuming,ontheJxasisof testsreported <— .-
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h reference9, a valueof0.026forthedragcoefficientof the
fuselageat supersonicspeeds,some‘tidicationof thevariationofwing
dragcoefficientwithleading-edgesweepcanbe obtained.At thehigher
supersonicspeeds,thewli,-dragcoefficient(takenas thedifference
betweenthemeasureddragcoefficientand0.026)of thedeltawingswith
&)”leading-edgesweeyisaboutone-halfthatof Ehedeltawingswith
45°lwiding-edgesweep.In examiningthesedata,considerationshould
bemadeoftheeffectsof sectionangle-of-attackdistributiondueto
nmdelrotationandwing-fuselageinterfe~enceon themeasureddrag
coefficients.It isbelieved,however,thattheseeffectsdonot
materiallyaffecttheforegoingestimatedvariationofwingdragcoef-
ficientwithleading-edgesweep.

CONCL~IONS

Thefollowingconclusionsregerdingtherolling
deltating- aileronconfigurationsareindicatedby
herein:

effectivenessof
thetestsreported

1.BelowMachnumberO.gOallconfigurationstestedexhibitthe
samema~itudeofrolMngeffectiveness;fromMachnumbersof0.91to
Justbelow1.0theeffectiveness,as comparedwiththatat alfachnumber
of0.9, isreducedby 17percentforthedeltawing- deltaaileron
confi~ationandby .50~ercentforthecomparableconstant-chordailerm
configuration.Therollingeffectivenessat supersonicspeedsislower
thanthatat subsonicspeedsforallconfigurations.

2.WithincreasingsupersonicMachnumbers,therollingeffective-
nessof thedeltawing-tipaileronstendstowarda valuewhichisabout
one-halfof thesubsoniceffectiveness.Thedeltawing-tipaileronis
abouttwiceas effectiveaa a comparableconstant-chordailezmnat
supersonicspeeds.

.
3.Withconstant-chordplainailerons,increasingthesweepbackof

thewingleadingedgefrom45°to 60°resultsinan increaseofrollhg
effectivenesswhichisa maximumat thelowersupersonicspeedsand
whichdecreasesastheMachnuniberincreases.Therollingeffectiveness
forbothconfigurationsapproachesthesam constantvalueas theMach
mniberis increasedtothatvaluewhichcausestheMachlinesto coincide
withtheleadingedgesof thewings.

4. Forthewhg-aileronconfigurationsforwhichit isreasonable
toassumethattheeffectsofboundarylayerarerelativelysmall,such
aathedelta-aileronconfigurationof the~resenttests,it ispossible
to calculatethewing-aileronroUJngcharacteristicswitha gooddegree
ofaccuracyby theuseof thelinearizedsupersonic-flowequations.For
configurationssuchas theconstant-chord-aileronconfigurationsofthe
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presentteststhe%ounda~-layereffectsandtheeffectsoffinitewing
thicknessarelargeenoughsothattheabsolute=tieoretlcalvaluesof
rollingeffectivenessbasedon thelinearizedtheorywillbe considerably

—r—

higherthantheactualrollingeffectiveness.Thetheoryfairlyaccu-
ratelypredictsthevariationofeffectiveness~th Machnrmiber.

—

LangleyAeronauticalI&boratory
NationalAdvisoryCommitteeforAeronautics”

LangleyField,Vat
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TABLE I

GKMETRIC CEAIWXEUSJZCS OF M20EL9

Geometric Model

characteristics 84s we g7f 98a
r

*

Airfoil section nmnml lWCA IWCA lWCA ‘ NAOA NACA
to chord plzme and 65Aq6 65A-006 63A-006 6~A036 63A-006
paralleltomodel
center Jlrle

Aileron deflection, 8a,

deg 5.0 3“3 4.9 5.0 5.0

Exposed wing area, S1,

Sq ft 1.563 1“563 1.563 1.563 1:563

Ratio of aileron mea
to exposedwing area 0.20 0.!23 0.20 0.20 0.20

Eqm&d&pectratiu, “A 4.m’ ~,m,, 4.00 2.31 ~.~

Winglesdi~-edge
eveeplmok,deg 45 45 45 d) 60

Momentof lneit~a 1! II ‘ ,, I

abut roll.=18,

slug-+’ O.oeo 0.087 0.083 0.078 0.074

I
. ,

f ‘1
.

II ‘1 II
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.
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Modelconfigurationsofpresenttests.“
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